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1 INTRODUCTION 1 

Since the end of World War II, development of larger, more complex systems has increased 2 
awareness of, and need for, System Engineering (SE).  The principles of SE were especially 3 
significant in the development of ballistic missile weapon systems because of the need to apply 4 
new technology to both the system’s existing and new parts while controlling the inherent risks.  5 
Difficulties experienced in the evolution of the integrated designs of new systems (especially in 6 
the software community) have led to the development of specific methods and techniques within 7 
the SE discipline in an attempt to provide better insight to and control of the development and 8 
management process.  Commercial applications of SE have also expanded and are being used 9 
by utility companies, aviation, the automobile industry, the computer industry, communications, 10 
and health care. 11 

There are many definitions of SE in books, professional journals, and classrooms.  The 12 
definition arrived at by Simon Ramo, one of the early developers of formal SE and the “R” in 13 
TRW, is used by the System Engineering Manual (SEM): 14 

A discipline that concentrates on the design and application of the whole 15 
(system) as distinct from the parts.  It involves looking at a problem in its entirety, 16 
taking into account all the facets and all the variables and relating the social to 17 
the technical aspect. 18 

Because of lessons learned within the government and industry, the Federal Aviation 19 
Administration (FAA) is pursuing SE concepts.  This manual reflects the application of SE within 20 
the FAA.  The FAA’s SE applies both technical and management principles in a manner that: 21 

• Results in a responsive system design from an operational need through the use of a 22 
structured, iterative process  23 

• Integrates the contributions of both traditional engineering and specialty disciplines to 24 
meet cost, technical, quality, and schedule objectives  25 

• Provides a product that satisfies all stakeholders  26 

The three primary purposes of this manual are to: 27 

• Define the FAA’s integrated practice of SE, which is compatible with all components of 28 
the agency and consistent with sound government and industry best practice, to be 29 
employed by any engineer or group performing a task requiring an SE approach  30 

• Provide methods and tools that result in effective and consistent SE  31 

• Supply detailed information on work products of SE activities that are needed to ensure 32 
uniform and consistent high-quality products 33 

1.1 Scope 34 

The SEM describes the proper application of SE elements within the FAA.  These SE elements 35 
are specifically designed for the acquisition of systems for the National Airspace System (NAS) 36 
in the context of the FAA Acquisition Management System (AMS).  However, SE is one of the 37 
key practices of the FAA, and the elements discussed here can be applied in a number of other 38 
FAA functions beyond acquisition.  "Perform System Engineering" is specifically part of the AMS 39 
and is tightly linked with other AMS processes. 40 
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SE provides a comprehensive, structured, and disciplined approach for new system product and 41 
process developments, upgrades, modifications, and engineering efforts conducted to resolve 42 
problems in fielded systems in all development, production, and operations/support phases.  SE 43 
is applicable to technical efforts that support advanced development of new technologies and 44 
their application.  It applies to large- and small-scale systems (ranging in size and complexity 45 
from the NAS to individual parts such as bolts or wire bundles), single or multiple procurements, 46 
and replacement of current products and processes.  The process is applicable to systems 47 
regardless of composition, including those that are integrated from diverse elements, either 48 
hardware-intensive or software-intensive.  SE involves design and management of a total 49 
system, including hardware and software as well as other system elements.  Each shall be 50 
considered in analyses, trade studies, and engineering methodology. 51 

The SEM is designed as a how-to manual or guide to SE and defines the constituent SE 52 
elements to be performed throughout the program lifecycle. When the term “program” is used, it 53 
is intended to mean projects at all levels of size and complexity, ranging from the NAS to 54 
individual parts. While the SEM is primarily directed at NAS modernization, individual programs 55 
shall tailor the application of processes, tools, and techniques according to program 56 
requirements, with implementation of these processes directed by the appropriate SE 57 
management authority designated in the NAS System Engineering Management Plan (SEMP) 58 
or, on a given program, by the Program Manager or Chief System Engineer.  This manual 59 
includes guidance on tailoring.   60 

Figure 1.1-1 is a high-level overview of the organizational levels involved in SE along with 61 
several key SE work products.  This figure provides only a contextual overview of SE within the 62 
FAA.  Specific details on who is doing what regarding SE are explained in an organization or 63 
program SEMP.   64 

 65 
Figure 1.1-1.  Federal Aviation Administration System Engineering Operational Process  66 

1.2 Purpose 67 

The SEM and SEMP are designed to work together.  The SEM answers SE questions related to 68 
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(i.e., why a particular organization or program is implementing or not implementing a particular 70 
SE element versus the SEM’s discussion on a SE element’s purpose). They are directly 71 
connected by the “what” or products and activities of SE.  This relationship between the SEM 72 
and SEMP appears in Figure 1.2-1. 73 

 74 

 75 
Figure 1.2-1.  Relationship Between the System Engineering Manual  76 

and the System Engineering Management Plan 77 

The SEM describes the key process activities and products that are necessary to effectively 78 
implement SE principles.  The manual offers both what-to-do and how-to-do-it information for 79 
the elements defined for the FAA’s SE model.  These SE elements appear in Figure 1.2-2. 80 

The SEM describes the purpose of specific SE activities, as well as guidance for determining 81 
the sequence in which each activity is to be performed relative to the AMS phases.  The SE 82 
activities are applicable to most engineering programs.  Program cost/benefit considerations 83 
shall be the basis for the allocation of appropriate resources, including manpower and schedule, 84 
to any process activity. 85 

Figure 1.2-2.  Federal Aviation Administration System Engineering Elements  86 
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The process descriptions consist of all aspects of each SE process, including the need to 87 
design for safety, as well as for affordability, performance, usability, operational suitability, and 88 
cost of ownership.  On some programs, a given activity may be performed informally (e.g., in an 89 
engineer's notebook) or formally, with interim products under formal baseline control.  90 

The SEM defines the SE elements, as conducted in the FAA, along with the work products 91 
generated from each SE elements.  The SE elements are listed in Table 1.2-1: 92 

Table 1.2-1.  System Engineering Elements 93 

System Engineering Element Purpose of Element 

Integrated Technical Planning Plans the SE efforts and products. 
Requirements Management Identifies and manages the requirements that 

describe the desired characteristics of the 
system. 

Functional Analysis Describes the functional characteristics (what 
the system needs to do) that are used to 
derive requirements. 

Synthesis Transforms requirements into physical 
solutions. 

Trade Studies Assists decisionmaking by analyzing and 
selecting the best-balanced solutions to 
requirements. 

Interface Management Identifies and manages the interactions 
between segments within a system or 
interactions with other peer systems. 

Specialty Engineering Analyzes the system, requirements, functions, 
solutions, and/or interfaces using specialized 
skills and tools.  Assists in the derivation of 
requirements, synthesis of solutions, selection 
of alternatives, and validation and verification 
of requirements.  

Integrity of Analyses Ensures that the analyses provide the required 
level of fidelity and accuracy. 

Risk Management Identifies, analyzes, and manages the 
uncertainties of achieving program 
requirements by developing strategies to 
reduce the severity or likelihood of those 
uncertainties. 

Configuration Management  Establishes and maintains consistency and 
manages change in the system performance, 
functional, and physical attributes. 

Validation and Verification Determines if system requirements are 
correct.  Determines that the solution meets 
the validated requirements.   

Lifecycle Engineering Identifies and manages requirements for 
system lifecycle attributes including real estate 
management, deployment and transition, 
integrated logistics support, 
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System Engineering Element Purpose of Element 

sustainment/technology evolution, and 
disposal. 

System Engineering Process Management  Manages and maintains SE processes to meet 
FAA goals.  Gains agency-wide skill and 
standardization by continuously improving the 
effectiveness and efficiency of SE processes 
and tools. 

 94 

Each program shall determine which SE elements and products are applicable to its success.  A 95 
program shall justify its “tailoring out” of specific SE elements and products that are not deemed 96 
necessary.  This tailoring and associated justification shall be captured in appropriate planning 97 
documents.  The appropriate degree of tailoring for any SE process activity and its product(s) is 98 
determined by: 99 

• Stakeholder needs  100 

• Level of complexity of the program 101 

• Need for communication of what activity is being performed (across members of a 102 
program team, across organizations, and/or over time to support future activities)  103 

• Level of risk that is acceptable within the program 104 

1.3 System Engineering Management Organization 105 

SE addresses the translation of stakeholder needs into system requirements and facilitates the 106 
process by which the specification of systems and/or components satisfies those requirements.  107 
Although programs differ in underlying requirements, SE provides a logical sequence of steps 108 
toward the derivation of good requirements and the transformation into solutions regardless of 109 
the program’s size or complexity.  These steps generate a series of work products that specify 110 
characteristics of systems (at any level), demonstrate and document the traceability to 111 
stakeholder needs (expressed or implied), and define how the requirements are validated and 112 
the systems (and associated components) are verified.  To maximize effectiveness, SE 113 
commences before any significant product development activities and continues throughout the 114 
program’s lifecycle.  If performed correctly, SE helps to ensure that program execution is right 115 
from the start and that if problems are encountered, they are detected and resolved early, which 116 
reduces program cost and risk as shown in Figure 1.3-1. 117 
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  118 

Figure 1.3-1.  Benefits of System Engineering 119 

1.3.1 Process-Based Management and System Engineering  120 

The process flow for the “Perform System Engineering Process” appears in Figure 1.3-2.  This 121 
model is a top-level process model that does not reflect all interactions among the SE 122 
processes.  The details of these element interactions are discussed in Chapters 3 and 4.  SE 123 
applies to all product development activities and is used throughout the program’s lifecycle.  124 
This model shows the 12 lower-level processes and the 13th overarching process management 125 
element (the shaded blocks) that make up FAA SE.  (The Validation and Verification process is 126 
depicted twice in the model but is considered one process.)  Note that the figure does not show 127 
the iterative nature of SE by which each of the processes may be repeated multiple times 128 
throughout product development and program lifecycles at each level of system decomposition.  129 
It is the systematic iteration through these processes that leads to success.  Throughout the 130 
manual, there are references to the FAA integrated Capability Maturity Model (iCMM) process 131 
areas and base processes.  These references assist the user in complying with audits that are 132 
performed in support of iCMM.  133 

SE provides key inputs to determining a solution as part of the Investment Analysis (IA) and 134 
Solution Implementation (SI) lifecycle phases.  SE is initiated by the identification of a need 135 
(capability shortfall) in the existing system.  This need drives the generation of a mission need 136 
statement (MNS).  The SE outputs are used for subsequent iterations and provide the full set of 137 
requirements for the system being developed. 138 
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Figure 1.3-2.  Perform System Engineering Process Model 141 
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• Entrance Criteria.  This category is what is required to start the process.  165 
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• Exit Criteria.  This category includes activities that are performed when the process is 166 
complete.  167 

• Metrics.  This category includes examples of metrics that may be used to measure the 168 
level of performance for the process, as well as the work products generated by the 169 
process.  170 

• Methods/Tools. This category includes specific tools or methods that are necessary (or 171 
desirable) to efficiently implement the process as described.  They also guide the user 172 
as to what is available within the AMS FAA Acquisition System Toolset (FAST) 173 
(http://fast.faa.gov/). 174 

• Examples. This category includes examples of SE work products as well as standard 175 
templates for producing the various SE work products.  Examples may be contained 176 
either within a particular section of Chapter 4, an appendix to the SEM, or on the FAA’s 177 
intranet, in which case a reference uniform resource locator (URL) will be provided.  178 

• References.  This category includes documents from the government, industry, and 179 
academia that cover relevant topics regarding that section. 180 
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2 OVERVIEW OF SYSTEM ENGINEERING 181 

This section traces several key developments and lessons learned that led to today’s 182 
championing of SE as a powerful approach to organizing and conducting complex programs, 183 
such as those found in the NAS.  SE continues to evolve, with an emphasis on stronger 184 
commercial- and team-based engineering organizations, as well as organizations without 185 
technical products.  Before World War II, architects and civil engineers were, in effect, system 186 
engineers who worked on large, primarily civil, engineering projects, including the Egyptian 187 
pyramids, Roman aqueducts, Hoover Dam, the Golden Gate Bridge, and the Empire State 188 
Building, while other architects worked on trains and large ships.  However, “early” system 189 
engineers operated without any theory or science to support SE.  Thus, they lacked defined and 190 
consistently applied processes or practices.  During World War II, a program manager and chief 191 
engineer might oversee development of an aircraft program, while others managed key 192 
subsystems, such as propulsion, controls, structure, and support systems, leading to a lack of 193 
uniformity throughout the process. 194 

Some additional SE elements, such as operations research and decision analysis, gained 195 
prominence during and after World War II.  Today, with more complex requirements and 196 
systems, chief engineers use SE to develop requirements and to integrate the activities of the 197 
program teams.   198 

SE began to evolve as a branch of engineering during the late 1950s.  At this time—when both 199 
the race to space and the race to develop missiles equipped with nuclear warheads were 200 
considered absolutely essential for national survival—the military services and their civilian 201 
contractors were under extreme pressure to develop, test, and place in operation nuclear-tipped 202 
missiles and orbiting satellites.  In this climate, the services and their contractors sought tools 203 
and techniques to improve system performance (mission success) and program management 204 
(technical performance, delivery schedule, and cost control).  Engineering management 205 
evolved, standardizing the use of specifications, interface documents, design reviews, and 206 
formal configuration management.  The advent of hybrid and digital computers permitted 207 
extensive simulation and evaluation of systems, subsystems, and components that facilitated 208 
accurate synthesis and tradeoff of system elements. 209 

The lessons learned with development programs led to innovative practices in all phases of 210 
high-technology product development.  A driving force for these innovations was attainment of 211 
high-system reliability.  Some examples of changes introduced during the period are: 212 

• Parts traceability 213 

• Materials and process control 214 

• Change control 215 

• Product accountability 216 

• Formal interface control  217 

• Requirements traceability  218 

 219 
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2.1 What Is System Engineering? 220 

Beyond the definition used in the “Introduction” (Chapter 1), SE is an overarching process that 221 
trades off and integrates elements within a system’s design to achieve the best overall product 222 
and/or capability known as a system.  Although there are some important aspects of program 223 
management in SE, it is still much more of an engineering discipline than a management 224 
discipline.  SE requires quantitative and qualitative decisionmaking involving tradeoffs, 225 
optimization, selection, and integration of the results from many engineering disciplines. 226 

SE is iterative—it derives and defines requirements at each level of the system, beginning at the 227 
top (the NAS level) and propagating those requirements through a series of steps that 228 
eventually leads to a physical design at all levels (i.e., from the system to its parts).  Iteration 229 
and design refinement lead successively to preliminary design, detail design, and final approved 230 
design.  At each successive level, there are supporting lower-level design iterations that are 231 
necessary to gain confidence for decisions.  During these iterations, many concept alternatives 232 
are postulated, analyzed, and evaluated in trade studies.  These iterative activities result in a 233 
multi-tier set of requirements.  These requirements form the basis for structured verification of 234 
performance.  SE closely monitors all development activities and integrates the results to 235 
provide the best solution at all system levels. 236 

2.2 What Is a System? 237 

A system is an integrated set of constituent parts that are combined in an operational or support 238 
environment to accomplish a defined objective.  These integrated parts include people, 239 
hardware, software, firmware, information, procedures, facilities, services, and other support 240 
facets.  People from different disciplines and product areas have different perspectives on what 241 
makes up a system.  For example, software engineers often refer to an integrated set of 242 
computer modules as a system.  Electrical engineers might refer to a system as complex 243 
integrated circuits or an integrated set of electrical units.  The FAA has an overarching system 244 
of systems called the NAS that includes, but is not limited to, all the airports, aircraft, people, 245 
procedures, airspace, CNS/ATM systems, and facilities. 246 

At times, it is difficult to agree on what comprises a system, as it depends entirely on the focus 247 
of those who define the objective or function of the system.  For example, if the objective is to 248 
print input data, a printer may be defined as the system.  However, another might consider the 249 
electricity required for the printer.  Expanding the objective to processing input data and 250 
displaying the results yields a computer as the system.  Further expansion of the objective to 251 
include a capability for computing nationwide or worldwide and merging data/results to a 252 
database results in a computing network as the system, with the computer and printer(s) as 253 
subsystems of the system. 254 

SE first defines the system at the top level, ensuring focus and optimization at that level, thus 255 
precluding narrow focus and suboptimization.  It then proceeds to increasingly detailed lower 256 
levels until the system is completely decomposed to its basic elements.  This hierarchy is 257 
described in the following paragraph. 258 

2.2.1 System Hierarchy 259 

A system may include hardware, software, firmware, people, information, techniques, facilities, 260 
services, and other support items.  Figure 2.2-1 establishes a common reference for discussing 261 
the hierarchy of a system/subsystem within the NAS.  Each system item may have its 262 
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associated hierarchy.  For example, the various software programs/components that may reside 263 
in a system has a commonly accepted hierarchy as depicted in Figure 2.2-2.  The depths of this 264 
common hierarchy may be adjusted to fit the complexity of the system.  Simple systems may 265 
have fewer levels in the hierarchy than complex systems and vice versa.  Because there may 266 
be varying hierarchal models referenced in the realm of SE, it is important for those who define 267 
the objective or function of a given system/subsystem to also lay out the hierarchal levels of the 268 
system in order to define the system’s scope. 269 

 270 

 271 
Figure 2.2-1.  System Hierarchy 272 

 273 

 274 
Figure 2.2-2.  Common Software Hierarchy 275 
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Succeeding levels with the system/subsystem hierarchy are defined below: 276 

• System.  An integrated set of constituent parts that are combined in an operational or 277 
support environment to accomplish a defined objective.  These parts include people, 278 
hardware, software, firmware, information, procedures, facilities, services, and other 279 
support facets. 280 

• Subsystem.  A system in and of itself (reference the system definition) contained within 281 
a higher-level system.  The functionality of a subsystem contributes to the overall 282 
functionality of the higher-level system.  The scope of a subsystem’s functionality is less 283 
than the scope of functionality contained in the higher-level system. 284 

• Element.  An integrated set of components that comprise a defined part of a subsystem 285 
(e.g., the fuel injection element of the propulsion subsystem). 286 

• Component.  Composed of multiple parts; a clearly identified part of the product being 287 
designed or produced. 288 

• Part.  The lowest level of separately identifiable items within a system. 289 

• Software.  A combination of associated computer instructions and computer data 290 
definitions required to enable the computer hardware to perform computational or control 291 
functions. 292 

• Computer Software Configuration Item (CSCI).  An aggregation of software that is 293 
designed for configuration management and treated as a single entity in the 294 
Configuration Management process (Section 4.11). 295 

• Computer Software Component (CSC).  A functionally or logically distinct part of a 296 
CSCI, typically an aggregate of two or more software units. 297 

• Computer Software Unit (CSU).  An element specified in the design of a CSC that is 298 
separately testable or able to be compiled. 299 

• Module.  A program unit that is discrete and identifiable with respect to compiling, 300 
combining with other units, and loading. 301 

2.3 Why Use System Engineering? 302 

The need for effective SE is most apparent with large, complex system developments, such as 303 
weapons and transportation systems.  However, SE is also important in developing, producing, 304 
deploying, and supporting much smaller systems, such as cameras and printers.  The growing 305 
complexity in development areas has increased the need for effective SE.  For example, about 306 
35 years ago in the semiconductor industry, a single chip was no more complex than a series of 307 
a few gates or, at most, a four-stage register.  Today, Intel's Pentium processor is far more 308 
complex, which immensely expands the application horizon but demands far more sophisticated 309 
analysis and discipline in design. 310 

The movement to concurrent engineering as the technique for performing engineering 311 
development is actually performing good SE.  SE provides the technical planning and control 312 
mechanisms to ensure that the activities/results of concurrent engineering meet overall system 313 
requirements. 314 

A driving principle for SE is the teaming that often occurs during development programs.  In this 315 
case, teaming is among several entities that may have different tools, analysis capabilities, and 316 
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so on.  SE principles defined in this manual may provide an improved ability to plan and control 317 
activities that require interaction/interface across boundaries. 318 

The strongest argument for using the SE processes is that they increase the likelihood that 319 
needs are fully and consistently met in the final product.  SE delivers first-time quality and a 320 
satisfied stakeholder. 321 
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3 SYSTEM ENGINEERING IN THE ACQUISITION MANAGEMENT SYSTEM 322 
PROGRAM LIFECYCLE 323 

3.1 Functional View of the System Engineering Process 324 

To better focus on the SE processes as they relate to each phase of the AMS, Figure 3.1-1 325 
provides a high-level view of the various SE processes and how they functionally interact.  326 
These functional interfaces only represent the predominant interaction between each process.  327 
The interaction between processes at a lower level is much more involved (i.e., Figure 3.1-1 is a 328 
simplified view and does not depict all the ways that processes interface).  Figure 3.1-2 is a 329 
functional N2 diagram of SE that shows the actual work products exchanged between the 330 
various SE processes shown in Figure 3.1-1. 331 

Figure 3.1-1.  Functional Flow Diagram of System Engineering  332 

In Figure 3.1-2, each SE process is laid out from left to right to notionally depict when in time 333 
each process is employed relative to another.  The time arrow is not relative to the AMS 334 
lifecycle phases.  It is recommended to note that overall SE, and many of the interactions at the 335 
lower levels, may be iterative in nature; thus, the left to right timeline is notional. 336 

Figure 3.1-1 indicates that SE is initiated when there is a need; that is, a recognized shortfall in 337 
capability within the NAS.  For example, the stakeholder need may arise as a result of a new 338 
service to be provided or with the advent of technological innovations to be leveraged to reap 339 
improvements in capacity, security, and/or safety.  Once the need is validated, the Functional 340 
Analysis process (Section 4.4) is performed to develop a Concept of Operations (CONOPS).  341 
The Requirements Management process (Section 4.3) uses the CONOPS to develop an MNS, 342 
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which is then fed back to Functional Analysis as input to develop the highest level of functional 343 
architecture for the new or modified system.  The Requirements Management process uses this 344 
high-level functional architecture, as well as inputs from Specialty Engineering analyses, to 345 
develop requirements.  These requirements are validated via the Validation and Verification 346 
process (Section 4.12).  The interaction between Functional Analysis and Requirements 347 
Management is iterative, as the functional architecture and resulting requirements are 348 
decomposed to a level necessary to the appropriate requirements that describe the needed 349 
system characteristics.  Synthesis (Section 4.5) then develops the physical architecture or 350 
design solution to those requirements.   351 

Along with these initial SE activities, three overarching processes that interact with all SE 352 
processes are employed.  These overarching processes continue throughout the system’s 353 
lifecycle and are as follows: 354 

• Integrated Technical Planning (Section 4.2) 355 

− Provides the technical guidance tools required to track and manage program activity 356 

• Risk Management (Section 4.10) 357 

− Provides an organized, systematic decisionmaking approach to identify risks that 358 
affect achievement of program goals 359 

− Analyzes identified risks 360 

− Mitigates risks effectively 361 

− Tracks the progress of the mitigation efforts 362 

• Integrity of Analyses (Section 4.9) 363 

− Ensures the provision of credible, useful, and sufficient data/results for program 364 
management's decisionmaking process 365 

− Ensures the integrity and fidelity of the various analysis tools 366 

Once a valid set of requirements is obtained, the Synthesis process (Section 4.5) is initiated to 367 
define system elements and to refine and integrate these elements into a physical architecture.  368 
In addition to the requirements input into the Synthesis process, the functional architecture is 369 
provided to clarify and bound the system.  The Trade Studies process (Section 4.6) and the 370 
Lifecycle Engineering process (Section 4.13) supply cost estimates to support the Synthesis 371 
process, which ultimately determines the design alternative that best satisfies the identified 372 
stakeholder need.   373 

Interface Management (Section 4.7) plays a key role in ensuring that the various internal system 374 
pieces are coordinated as well as integrated with external systems.  As the total system is 375 
decomposed via iterative interaction of Functional Analysis, Requirements Management, and 376 
Synthesis, physical and functional interfaces are identified and managed. 377 

The results of these SE activities are continually brought under Configuration Management 378 
(Section 4.11).  The system is developed according to the baseline design and verified with the 379 
Validation and Verification process (Section 4.12).  With the system verified as able to meet the 380 
identified stakeholder need, it is deployed into the NAS.  Although the discussion of this 381 
simplified view and description of SE was sequential, SE is truly iterative and employed 382 
continuously throughout the lifecycle of the system. 383 



[Chapter 3 Version 1.0 11/1/02] 

 

 3-3

384 
Figure 3.1-2.  System Engineering Functional N2 Diagram385 
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3.2 Relationship of the System Engineering Processes to the Acquisition Management 386 
System Program Lifecycle 387 

The program lifecycle includes all activities and products associated with a system, from initial 388 
inception to disposal and elimination, which falls in line with the global aspects of SE’s definition.  389 
Definitions of the program lifecycle phases serve different purposes for different system 390 
processes.  System sponsors shall use these phases and their associated milestones (e.g., 391 
Mission Need Decision (MND), Initial and Final Investment Decision, and In-Service Decision) to 392 
determine whether to continue or terminate the endeavor.  Thus, the phases shall be used to 393 
measure a program's progress and develop input to the Joint Resources Council (JRC), which 394 
ultimately makes the noted decisions.  Each program decision milestone is associated with a 395 
review, which are as follows: 396 

• JRC-1/MND milestone.  A briefing for review by the JRC is conducted before the MND.  397 

• JRC-2a/Initial Investment Decision milestone.  A briefing for review by the JRC is 398 
conducted before the Initial Investment Decision. 399 

• JRC-2b/Final Investment Decision milestone.  An Initial System Requirements review 400 
(ISRR) and a briefing for review by the JRC are conducted before the Final Investment 401 
Decision. 402 

• JRC-3/In-Service Decision milestone. The in-service review (ISR) checklist is 403 
reviewed and briefed to the appointed decision authority before the In-Service Decision. 404 

 405 
Figure 3.2-1.  Focus of System Engineering Effort in the Acquisition  406 

Management System Lifecycle Phases 407 

 408 
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 409 

As shown in Figure 3.2-1, SE lays out and supports the technical and programmatic activities as 410 
the program moves through these phases.  The SE processes support the lifecycle phases 411 
defined by the AMS and provide management visibility into the operation of the program, 412 
facilitating risk reduction through early identification of issues and, thus, allowing better 413 
management.  Therefore, cost is reduced through earlier recognition and correction of problems 414 
(Figure 1.3-1).  Support organizations are able to gauge and plan their work to support each 415 
phase. 416 

Any or all of the SE processes may be applied throughout the entire lifecycle, regardless of the 417 
phase.  However, Figure 3.2-1 shows that the predominance of a specific SE process depends 418 
on the phase of the lifecycle.  For example, there are certain elements of SE employed during 419 
the Mission Analysis (MA) phase more so than during the SI phase.  The Validation process 420 
(Section 4.12) is used more heavily during MA when compared to Verification (Section 4.12).  421 
Likewise, the Verification process is used more heavily during SI when compared to Validation. 422 

Because SE establishes system requirements and overall system architecture, it is a dominating 423 
process during the MA and IA phases.  During this time, mission needs, CONOPS, and 424 
requirements are analyzed and documented to support both functional and physical system 425 
decomposition to greater detail.  Program plans are developed to guide and control subsequent 426 
activity consistent with the overall system requirements.  Alternatives are developed and 427 
synthesized to identify the most viable approach.  Trade Studies (Section 4.6) are conducted to 428 
provide input to the Synthesis process (Section 4.5) to facilitate selection of the most viable 429 
approach.  The Trade Studies data supports the selection and approval to proceed with an 430 
Acquisition Program Baseline (APB). 431 

During the SI phase, proposed system design alternatives are reviewed against requirements 432 
and selection criteria.  When a system design is selected, iterations of SE are performed to 433 
completely decompose the system to a set of products (e.g., hardware, software, people) that 434 
may be built/programmed (or trained or otherwise provided) and verified.  SE elements are used 435 
to maintain overall integration (cost, schedule, and technical) of the lower-level product 436 
development activities based on overall system requirements. 437 

After the system design has been tested and accepted, SE activities shift to deployment and 438 
transition of the production systems to the field.  As systems enter the In-Service Management 439 
lifecycle phase, SE is reiterated to ensure effective incorporation of system design changes due 440 
to problem fixes, new functionality, or product obsolescence.  These activities continue through 441 
the remainder of the system's service life until disposal. 442 

In addition to the functional view of SE (Figure 3.1-1), the SE model may be depicted as a cube 443 
(Figure 3.2-2) in order to emphasize the iterative nature of SE throughout the AMS lifecycle.  444 
The vertical dimension depicts the system hierarchy, which emerges from the iterative use of 445 
SE.  The horizontal dimension indicates the SE elements, and the third dimension contains the 446 
phases of development.  This representation shows that SE applies across all phases and to all 447 
levels of the system hierarchy.   448 

 449 
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Figure 3.2-2.  The System Engineering Process Cube 451 

Each major program phase has a progressively more mature, detailed, and changing focus.  SE 452 
responds with a different emphasis as the program progresses through its development and 453 
deployment.  The application of SE, as defined in this manual, shall be continually tailored to the 454 
specific needs of each program and its current phase. 455 

3.3 Program Lifecycle 456 

This section addresses each phase of the AMS lifecycle and correlates the phases to SE 457 
activities.  Data flow diagrams (DFD) highlight the SE processes and work products that are 458 
predominant during that time. 459 

In addition, a table is included with each phase discussion that: 460 

• Identifies the SE work products that are inputs and/or outputs to the addressed phase 461 

• Identifies work products generated from processes external to SE that are necessary to 462 
initiate SE activities within the given phase 463 

 464 
465 
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The following legend in Table 3.3-1 applies to each of these tables. 465 

Table 3.3-1.  Legend for System Engineering Work Products Inputs/Outputs Tables 466 

Abbreviation  Meaning 

C = Conceptual draft (precedes initial draft); the general notion and structure of 
the document has been created with minimal content 

CM = Configuration Management 
EXT = External to SE  
F = Final draft; document is complete, accurate, and awaiting signature 
FA   = Functional Analysis 
I = Initial draft; the document has been populated with the majority of required 

content, but it still requires review for accuracy of information 
IA     = Integrity of Analyses  
IM  = Interface Management 
ISRR = Initial System Requirements Review 
LC  = Lifecycle Engineering 
MSE = Maintain System Engineering  
RM  = Requirements Management 
RSK  = Risk Management 
S  = Synthesis 
SD = Sustaining Document 

For work products that are formal documents, the documents are sustained 
in the given phase 
For work products that are not formal documents, the products are 
introduced, further developed, or sustained in the given phase 

SpecEng  = Specialty Engineering 
ITP  = Integrated Technical Planning 
TS  = Trade Studies 
Val  = Validation 

 467 
468 
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Table 3.3-2 gives a high-level view of the various SE work products and the timeframe during 468 
which they are developed. 469 

Table 3.3-2.  System Engineering Work Product/ 470 
Acquisition Management System Milestone Matrix 471 

 PROGRAM MILESTONES 
WORK PRODUCT JRC1 JRC2A ISRR JRC2B JRC3 

Acquisition Program Baseline1  C I F  
Analysis Criteria I F SD SD SD 
Approved Baseline Changes     SD 
Baselines    SD SD 
Certification Package    I F 
Concept of Operations I F    
Concerns/Issues SD SD SD SD SD 
Configuration Description    I F 
Configuration Status Report     SD 
Constraints SD SD SD SD SD 
Corporate Strategy and Goals SD SD SD SD SD 
Credible Analysis Results SD SD SD SD SD 
Demonstrations  SD SD SD SD 
Description of Alternatives I F    
Design Analysis Reports SD SD SD SD SD 
Design Constraint SD SD SD SD SD 
External Environmental Forces SD SD SD SD SD 
FAA Management Decisions SD SD SD SD SD 
FAA Policy SD SD SD SD SD 
Functional Architecture C I F1 SD SD 
Government and International 
Regulations and Statutes 

SD SD SD SD SD 

Integrated Lifecycle Plan C I F SD SD 
Integrated Program Plan C I F SD SD 
Integrated Program Schedule C I F SD SD 
Interface Change Request     SD 
Interface Control Documents   C I F 
Interface Requirements Documents  I F SD SD 
Interface Revision Proposal     SD 
Legacy System  SD SD SD SD SD 
Lifecycle Cost Estimate C I  F  
Market Research SD SD SD   
Master Verification Plan  I F SD SD 
Mission Need Statement F     
NAS Architecture SD SD SD SD SD 
NAS Concept of Operations SD SD SD SD SD 
NAS System Engineering 
Management Plan 

SD SD SD SD SD 

Need SD     
Operational Concept  SD SD   
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 PROGRAM MILESTONES 
WORK PRODUCT JRC1 JRC2A ISRR JRC2B JRC3 

Demonstrations 
Operational Services and 
Environmental Description 

C I F   

Physical Architecture  C  I F 
Planning Criteria SD SD SD SD SD 
Program Risk Register   SD SD SD 
Program Risk Summary  SD SD SD SD 
Requirements I  F2 SD SD 
Requirements Verification 
Compliance Document 

    F 

Risk Mitigation Plan Summary  SD SD SD SD 
Risk Mitigation Plans  SD SD SD SD 
Stakeholder Needs I F SD SD SD 
Standards   SD SD SD 
Statement of Work1   I F  
System Engineering Management 
Plan 

 I F   

Technology SD SD SD SD SD 
Test and Assessment Articles     F 
Tools/Analysis Requirements  SD SD SD SD 
Trade Study Reports  SD SD SD SD 
Updated Baselines     SD 
Validated Need F     
Validation Reports SD SD SD SD SD 
Verification Criteria  SD SD SD SD 
Verification Requirements 
Traceability Matrix 

C I F SD SD 

Work Breakdown Structure1 C I F   
1.  This work product is not produced via the SE process.  It is listed here as a point 

of reference since SE provides substantial input into the development of this 
work product. 

2.  This does not imply that there is no further decomposition (e.g., “Final”  
      requirements at this point in time is with respect to the final Requirements  
      Document (fRD), yet further decomposition takes place to generate a  
      specification). 

 472 

3.3.1 Mission Analysis Phase 473 

3.3.1.1 Mission Analysis Phase Objectives 474 

The basic objective of the MA phase is to correctly identify and quantify a need so that the FAA 475 
may begin a program to resolve that need.  The primary outputs of this phase are the MNS or 476 
the modification of an existing MNS and design constraints.  The MA phase ends with an MND.  477 
In most cases, the MA consists of activities to validate high-level needs and to seek approval to 478 
proceed to the next phase.  It has two dimensions: a technical dimension and a program-479 
planning dimension.  The technical dimension is to ensure that a complete understanding of the 480 
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demand for services has been identified and quantified, which is accompanied by identification 481 
and quantification of existing and projected supply of services.  NAS shortfalls and potential 482 
technological opportunities shall be identified and quantified.  The program-planning dimension 483 
is to identify potential project-scope and estimated resource requirements.  484 

3.3.1.2 System Engineering Activities 485 

Figure 3.3-1 is an overview of the primary SE activities that occur during MA.  SE is initiated 486 
when a stakeholder need is recognized.  If the stakeholder need is valid, SE continues to better 487 
understand functionally what is required to best meet the stakeholder need.  A CONOPS is 488 
developed via Functional Analysis (Section 4.4) and is used in Requirements Management 489 
(Section 4.3) to develop the MNS.  The MNS is a primary SE output during the MA phase; it 490 
also drives the continued iterations of Functional Analysis and Requirements Management.  The 491 
interaction of these two processes results in a high-level functional decomposition and, likewise, 492 
a high-level requirements decomposition.  The resulting set of requirements is validated and is 493 
used, along with the high-level functional architecture, during the Synthesis process (Section 494 
4.5) to develop a description of alternatives and associated design constraints.  At this point in 495 
time, these alternatives and constraints are very high-level and are used as primary input into 496 
the IA phase to provide scope for the program. 497 

In addition to the core Functional Analysis, Requirements Management, and Synthesis 498 
activities, other SE processes are initiated during the MA phase.  These activities involve the 499 
technical planning necessary to provide proper guidance for SE activities throughout the 500 
system’s lifecycle; identification of risks and plans to mitigate those risks; and establishment of 501 
analysis criteria for the various analyses that occur when designing the system.  Any of the SE 502 
activities may surface concerns/issues to be processed by Risk Management (Section 4.10), as 503 
well as constraints to bound the activities of the Trade Studies process (Section 4.6) that occur 504 
during the follow-on phases.  505 

Electronic Industries Association (EIA) 731-2 defines a constraint as (1) a restriction, limit, or 506 
regulation or (2) A type of requirement that is not tradeable against other requirements.  507 
Constraints describe what is not included in the program.  These items define work that might 508 
be expected but will not be done.  Often, these are defined in work scope statements given by 509 
project contributors during the cost definition process.  This includes gathering stakeholder 510 
inputs on "needs" and "wants," system constraints (costs, technology limitations, and applicable 511 
specifications/legal requirements), and system "drivers" (such as competition capabilities, 512 
military threats, and critical environments).  Tradeoffs should be done on the desirability of 513 
including a performance capability in the system versus a more affordable (or less risky) system 514 
approach.  This tradeoff process often begins well before a firm set of needs is established and 515 
continues throughout the MA phase in which stakeholder interaction on specific items proposed 516 
may take place.  Constraints may be further adjusted throughout later AMS phases.  Like 517 
behavior deficiencies or shortfalls, these are excellent opportunities for preplanned product 518 
improvement.  Funding, personnel, facilities, manufacturing capability, critical resources, or 519 
other reasons cause the existence of constraints.  The reason for each constraint should be 520 
understood. 521 

Risk always is present in the lifecycle of both commercial and military systems.  The system 522 
may be intended for technical accomplishments near the limits of the state of the art, creating 523 
technical risk.  System development may be rushed to deploy the system as soon as possible to 524 
meet an imminent threat, leading to schedule risk.  All systems are funding-limited so that cost 525 
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risk is present.  Risk can be introduced by external constraints or can develop from within the 526 
program, since technical risk can create schedule risk that in turn can create cost risk. 527 

 528 
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Figure 3.3-1.  Mission Analysis System Engineering Activities530 
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Table 3.3-3 summarizes the MA SE inputs and outputs. 531 

Table 3.3-3.  Mission Analysis System Engineering Inputs and Outputs 532 

WORK PRODUCT PRODUCING  
SE ELEMENT INPUT OUTPUT 

Analysis Criteria IA  I 
Concept of Operations FA  I 
Concerns/Issues ALL  SD 
Constraints ALL except TS  SD 
Corporate Strategy and Goals EXT SD  
Credible Analysis Results IA  SD 
Description of Alternatives S  I 
Design Analysis Reports SpecEng  SD 
Design Constraint S  SD 
External Environmental Forces EXT SD  
FAA Management Decisions EXT SD  
FAA Policy EXT SD  
Functional Architecture FA  C 
Government and International  
Regulations and Statutes 

EXT SD  

Integrated Lifecycle Plan ITP  C 
Integrated Program Plan ITP  C 
Integrated Program Schedule EXT C  
Legacy System  EXT SD  
Lifecycle Cost Estimate LC  C 
Market Research EXT SD  
Mission Need Statement RM  F 
NAS Architecture ITP SD  
NAS Concept of Operations FA SD  
NAS System Engineering  
Management Plan 

MSE SD  

Need EXT SD  
Operational Services and  
Environmental Description 

FA  C 

Planning Criteria ALL except ITP  SD 
Requirements* RM  I 
Stakeholder Needs EXT SD  
Technology EXT SD  
Validated Need Val  F 
Validation Reports Val  SD 
Verification Requirements  
Traceability Matrix 

RM  C 

Work Breakdown Structure EXT C  
* Requirements expressed in the Initial Requirements Document (iRD). 
 
NOTE: See Table 3.3-1 for legend. 
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3.3.1.3 Mission Analysis Entrance Criteria 533 

There are no other entrance criteria beyond the concept of a given “need” and approval to 534 
initiate SE efforts during the MA phase. 535 

3.3.1.4 Mission Analysis Exit Criteria 536 

The following criteria shall be satisfied (to the satisfaction of program management and its 537 
review authority) before the program enters the IA phase: 538 

• Completion of all work products identified as MA outputs to the version level specified 539 

• Approval of the MND, thereby authorizing the program to proceed to the IA phase 540 

3.3.1.5 System Engineering Element Tasks in Mission Analysis 541 

In addition to the tasks identified below, each SE Element active during this phase shall surface 542 
concerns/issues that present risk to the program, as well as any constraints that bound future 543 
Trade Studies (Section 4.6). 544 

3.3.1.5.1 Tasks for the Integrated Technical Planning Element 545 

Although the major planning activities occur in the following IA phase( i.e., after the JRC1/MND) 546 
the following plans shall be completed by the end of MA to guide initial IA activities: 547 

• Conceptual draft of the Integrated Program Plan (IPP) (with details for the mission needs 548 
analysis and IA items) to include the following planning information: 549 

− Configuration Management (Section 4.11) to control program documentation, 550 
including requirements that may change 551 

− Risk Management (Section 4.10) to lay out program policy for risk assessment and 552 
mitigation, including program preparation activities 553 

− Analysis Management (Section 4.9) 554 

− Requirements Management (Section 4.3) 555 

• Conceptual draft of the Integrated Lifecycle Plan 556 

3.3.1.5.2 Tasks for the Requirements Management Element 557 

The primary tasks of the Requirements Management process (Section 4.3) are: 558 

• Develop the MNS (new or modified) 559 

• Develop the Initial Requirements Document (iRD; new or modified) to include intended 560 
service life, the initial list of stakeholders, and a conceptual draft of the Verification 561 
Requirements Traceability Matrix (VRTM) 562 

At this time, a means for tracking and tracing requirements (e.g., via a database) shall be 563 
established. 564 

3.3.1.5.3 Tasks for the Functional Analysis Element 565 

Functional Analysis (Section 4.4) of the operational system begins in this phase by: 566 



[Chapter 3 Version 1.0 11/1/02] 

 

 3-15

• Developing an initial draft of a CONOPS 567 

• Developing a conceptual draft of the Operational Services and Environmental 568 
Description (OSED) 569 

• Developing the conceptual version of the first-level functional architecture 570 

Developing the functional architecture involves identifying at least the high-level functions to be 571 
performed to accomplish the required mission operations.  Thus, high-level functional flow 572 
diagrams (FFD) are created.  The decision to analyze the functions to lower levels depends on 573 
the presence of the right expertise and available information to conduct these analyses.  Insofar 574 
as a conceptual product is defined, the primary rationale at this point is to provide a concise, 575 
clear description of the system for the MND without precluding any creativity in developing 576 
concepts to support the high-level functions. 577 

3.3.1.5.4 Tasks for the Synthesis Element 578 

The role of Synthesis (Section 4.5) is to create sufficient alternative high-level concepts that 579 
might satisfy the service needs and perform the high-level functions to define the program 580 
space (i.e., to show the range of possibilities to explore).  Focusing too soon on a feasible 581 
concept as the final solution—a typical difficulty—stifles creativity and reduces potential benefits 582 
and shall be avoided at all costs.  Several wide-ranging, yet viable, concepts are valuable to 583 
inspire creativity in concept development.  Synthesis activities during this phase include: 584 

• Producing initial drafts of description of alternatives for at least two concepts in order to 585 
give the IA team a sufficient understanding of the program scope 586 

• Identifying design constraints 587 

3.3.1.5.5 Tasks for the Specialty Engineering Element 588 

During the MA phase, Specialty Engineering (Section 4.8) develops high-level design analysis 589 
reports (DAR) to support requirements development, Validation (Section 4.12) of existing 590 
requirements, Risk Management (Section 4.10), and Synthesis (Section 4.5) (if required). 591 

3.3.1.5.6 Tasks for the Integrity of Analyses Element 592 

During the MA phase, the Integrity of Analyses process (Section 4.9) produces the analysis 593 
criteria for all immediately foreseen required analyses.  Credible analysis results are generated 594 
for analyses initiated and completed during the MA phase. 595 

3.3.1.5.7 Tasks for the Validation Element 596 

Validation (Section 4.12) is performed on the stakeholder need and initial high-level 597 
requirements. 598 

3.3.1.5.8 Tasks for the Lifecycle Engineering Element 599 

Lifecycle Engineering (Section 4.13) develops a preliminary lifecycle cost estimate and a 600 
conceptual draft of the Integrated Lifecycle Plan. 601 
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3.3.2 Investment Analysis Phase 602 

The IA phase of the AMS lifecycle has the following objectives: 603 

• Further translate the mission needs into requirements and eventually into specifications 604 

• Complete the CONOPS 605 

• Complete the IPP and all additional program plans 606 

• Complete the functional architecture to a level appropriate to requirements (i.e., those 607 
levels needed to support development of the final Requirements Document (fRD) or 608 
system specification) 609 

• Develop potential solutions 610 

• Analyze alternative solutions and determine the optimum solution from a NAS 611 
perspective 612 

• List and analyze all programmatic risks 613 

• Provide risk mitigation plans with associated costs 614 

• Modify the architecture to the recommended solution 615 

• Provide input for APB development 616 

IA begins with the approval of a mission need and ends with an Investment Decision.  There are 617 
two SE stages during the IA phase: the initial IA stage (or the JRC 2A stage) and the final IA 618 
stage (or the JRC 2B stage). 619 

Figure 3.3-2 depicts these two stages as they relate to AMS milestones. 620 

 621 
Figure 3.3-2.  Investment Analysis System Engineering Stages 622 
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3.3.2.1 System Engineering Activities 623 

The SE activities occurring during the IA phase appear in Figure 3.3-3.  The core SE processes 624 
continue, in an iterative fashion, to produce a design that meets the stakeholder need.  625 
Functional Analysis (Section 4.4) continues to decompose the functions to lower levels.  These 626 
lower-level functions are used to develop more detailed requirements that, in turn, are used to 627 
bound the next level of functional decomposition.  Specialty Engineering (Section 4.8) feeds this 628 
process by providing various DARs to further refine the requirements and manage various risk 629 
facets.  Requirements generated from this interaction are then validated; and once validated, 630 
they are fed into the Synthesis process (Section 4.5), where alternative solutions to meet these 631 
requirements are developed.  The Trade Studies process (Section 4.6) and the Lifecycle 632 
Engineering process (Section 4.13) are both heavily employed during this phase to provide 633 
Synthesis with the data required to make an informed decision concerning the best solution set.  634 
The resulting physical architecture, in conjunction with the functional architecture, is used in 635 
Interface Management (Section 4.7) to develop IRDs and eventually Interface Control 636 
Documents (ICD).  637 

The primary outputs from the SE efforts in this phase are the functional and physical 638 
architectures and associated requirements in the form of IRDs and the fRD.  The APB and 639 
statement of work (SOW) are developed from external processes to SE but are heavily based 640 
on SE input. 641 
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Figure 3.3-3.  Investment Analysis System Engineering Activities  643 

 644 
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3.3.2.2 Initial Investment Analysis Stage 645 

3.3.2.2.1 Initial Investment Analysis Stage Objectives 646 

Initial IA is the first of two stages in the IA phase.  The main objective of this stage is to develop 647 
a set of alternative solutions to the requirements and then select the alternative that provides 648 
the most balanced solution to the need.  To accomplish this objective, SE analyzes the high-649 
level requirements so the needs, objectives, requirements, and operating scenarios are fully 650 
understood and integrated.  Because these top-level requirements typically lack the details 651 
required to execute an end-item design, it is important that stakeholders adequately 652 
communicate to eliminate gaps in understanding requirements.  To this end, the needs, 653 
mission(s), and utilization environments are analyzed, interpreted, and coordinated with 654 
stakeholders to determine system requirements.  This stage also identifies the required 655 
disciplines needed to support the effort as well as a review indicating that all stakeholders have 656 
been identified. 657 

In this stage, the system functional architecture is expanded.  The functions are then 658 
transformed into more detailed system requirements that are resolved in the system physical 659 
architectures.  Higher-level requirements constrain the next lower functional architecture.  Also, 660 
the interfaces between the functions, subsystems, and elements that comprise the total system 661 
are documented.  Functional and performance requirements are allocated to those subsystems 662 
and elements.  Detailed subsystem and element requirements and constraints are developed, 663 
and subsystem and element concepts are traded and selected. 664 

Further development and evaluation of alternative concepts pave the way for selection of the 665 
best concept.  Each candidate concept is validated to ensure feasibility and that all 666 
requirements have been satisfied.  Candidate concepts that fail to meet requirements are 667 
modified or discarded.  More detailed concept development and analyses are then conducted to 668 
characterize each of the concepts to add maturity and facilitate selection of the best alternative.  669 
Trade Studies (Section 4.6) are conducted to select from alternative approaches to satisfy 670 
requirements; identify preferred technologies and processes; define support concepts; assess 671 
lifecycle cost elements; and quantify program risks.  Down-selection criteria are established 672 
based on design sensitivities, cost/benefit ratios, schedules, programmatic constraints and 673 
requirements, risks, corporate strategies, and other considerations, as applicable.  A single 674 
approach shall be selected before the close of this stage, and the details of this baseline are 675 
then placed under NAS Configuration Management.  The cost/benefit analysis that results in the 676 
selection of the best concept is documented and made a part of the program documentation.   677 

Table 3.3-4 summarizes initial IA stage inputs and outputs. 678 

Table 3.3-4.  Initial Investment Analysis Stage System Engineering Inputs and Outputs 679 

WORK PRODUCT PRODUCING  
SE ELEMENT 

INPUT OUTPUT 

Acquisition Program Baseline1 EXT  C 
Analysis Criteria IA I F 
Concept of Operations FA I F 
Concerns/Issues ALL SD SD 
Constraints ALL except TS SD SD 
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WORK PRODUCT PRODUCING  
SE ELEMENT 

INPUT OUTPUT 

Corporate Strategy and Goals EXT SD  
Credible Analysis Results IA SD SD 
Demonstrations SpecEng  SD 
Description of Alternatives S I F 
Design Analysis Reports SpecEng SD SD 
Design Constraint S SD SD 
External Environmental Forces EXT SD  
FAA Management Decisions EXT SD  
FAA Policy EXT SD  
Functional Architecture FA C I 
Government and International 
Regulations and Statutes 

EXT SD  

Integrated Lifecycle Plan ITP C I 
Integrated Program Plan ITP C I 
Integrated Program Schedule EXT I  
Interface Requirements Document IM  I 
Legacy System  EXT SD  
Lifecycle Cost Estimate LC C I 
Market Research EXT SD  
Master Verification Plan ITP  I 
Mission Need Statement RM F  
NAS Architecture ITP SD  
NAS Concept of Operations FA SD  
NAS System Engineering 
Management Plan 

MSE SD  

Operational Concept Demonstrations S  SD 
Operational Services and 
Environmental Description 

FA C I 

Physical Architecture S  C 
Planning Criteria ALL except ITP SD SD 
Program Risk Summary RSK  SD 
Requirements2 RM I I 
Risk Mitigation Plan Summary RSK  SD 
Risk Mitigation Plans RSK  SD 
Stakeholder Needs EXT I  
System Engineering  
Management Plan 

ITP  I 

Technology EXT SD  
Tools/Analysis Requirements ALL except EXT, 

ITP, IM, IA, CM, Val 
 SD 

Trade Study Report TS  SD 
Validation Reports Val SD SD 
Verification Criteria SpecEng  SD 
Verification Requirements Traceability 
Matrix 

RM C I 
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WORK PRODUCT PRODUCING  
SE ELEMENT 

INPUT OUTPUT 

Work Breakdown Structure EXT C  
1. This work product is not an output of SE per se, but it is identified in order to provide context for the 

level of SE input to its development. 
2. The iRD is updated during Initial Investment Analysis. 
 
NOTE: See Table 3.3-1 for legend. 

 680 

3.3.2.2.2 Initial Investment Analysis Stage Entrance Criteria 681 

These criteria include the following:  682 

• An MND approving continuation of the program to the IA phase 683 

• MA output 684 

3.3.2.2.3 Initial Investment Analysis Stage Exit Criteria 685 

These criteria include the following: 686 

• All work products identified as initial IA outputs have been completed to the version level 687 
specified 688 

• Required disciplines have been identified 689 

• Trade Studies (Section 4.6) have been planned 690 

• Initial baseline planning has been completed 691 

• The initial IA decision has been made, authorizing the program to proceed to the final IA 692 
stage 693 

3.3.2.2.4 System Engineering Element Tasks 694 

In addition to the tasks identified below, each SE Element active during this phase shall surface 695 
concerns/issues that present risk to the program, as well as any constraints that bound future 696 
Trade Studies (Section 4.6).  Furthermore, those active SE Elements that involve analysis shall 697 
develop their requirements for analysis (e.g., necessary tools, required analyst levels of 698 
competencies). 699 

3.3.2.2.4.1 Tasks for the Integrated Technical Planning Element 700 
In this stage of technical plans development, the following conceptual drafts, developed during 701 
MA, are updated to initial drafts: 702 

• IPP 703 

• Integrated Lifecycle Plan 704 
In addition, the SEMP and Master Verification Plan (MVP) are created and developed to an 705 
initial draft state by the end of this stage. 706 
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3.3.2.2.4.2 Tasks for the Requirements Management Element 707 

The main task of Requirements Management (Section 4.3) is to update the Initial Requirements 708 
Document (iRD).  Additional activities are focused on capturing the allocation of requirements to 709 
the conceptual version of the physical architecture, via a database, and updating the conceptual 710 
draft of the VRTM to initial draft. 711 

3.3.2.2.4.3 Tasks for the Functional Analysis Element 712 

The Functional Analysis process (Section 4.4) focuses on finalizing the CONOPS, updating the 713 
OSED to an initial draft, and further decomposing the next level of functions into sequenced and 714 
traceable functional architectures (dependent upon the availability and detail of requirements 715 
documentation). 716 

3.3.2.2.4.4 Tasks for the Synthesis Element 717 

During Synthesis (Section 4.5), conceptual versions of the physical architectures for the set of 718 
alternatives are produced and the description of alternatives are further refined.  In conjunction 719 
with Functional Analysis (Section 4.4) and Trade Studies (Section 4.6), Synthesis (Section 4.5) 720 
is the heart of the IA process during this stage.  It performs the design analysis of the benefits, 721 
strengths, and weaknesses of the alternative concepts against a common set of requirements 722 
and selection criteria to determine their relative merits.  Down-selection to a preferred solution is 723 
the result of this design analysis.  Design constraints are identified during this analysis and fed 724 
to Lifecycle Engineering (Section 4.13) and Trade Studies (Section 4.6) activities.  Operational 725 
concept demonstrations are also conducted to support these activities. 726 

3.3.2.2.4.5 Tasks for the Trade Studies Element 727 

Trade Studies (Section 4.6) are conducted at all system levels to ensure performance 728 
effectiveness, application of technology and processes, minimum cost, and supportability and 729 
affordability, and to generally provide input for the selection of the best concept.  Identification of 730 
the best concept is based on the criteria developed specifically for the system, its mission, 731 
operations concept, performance requirements, programmatic constraints, and other applicable 732 
factors.  The trade study report documents the findings and is used as data to support and 733 
justify the down-selection to one concept. 734 

3.3.2.2.4.6 Tasks for the Interface Management Element 735 

This element begins to identify the external interfaces to the system.  The conceptual and then 736 
initial draft(s) of the Interface Requirements Document(s) (IRD) are developed during this phase 737 
to capture these interfaces.  Conceptual drafts of the ICDs are initiated.  Functional and physical 738 
interfaces internal to the system are also identified and captured via interface control scope 739 
sheets.   740 

3.3.2.2.4.7 Tasks for the Specialty Engineering Element 741 

During Specialty Engineering (Section 4.8), tailored analyses are initiated to derive 742 
requirements, support trades, and identify risks.  The System Safety discipline produces the 743 
comparative safety analysis.  The system baseline design is established, and the scope, ground 744 
rules, and assumptions of analysis are defined.  Security shall initiate a risk analysis and 745 
vulnerability analysis, document program security level, and commence personnel security 746 
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actions.  DARs are produced and verification criteria are established.  In addition to these 747 
activities, demonstrations may be conducted. 748 

3.3.2.2.4.8 Tasks for the Integrity of Analyses Element 749 

The main task for Integrity of Analyses (Section 4.9) is to finalize the analysis criteria, which is 750 
accomplished by: 751 

• Identifying analysis needs  752 

• Verifying that the right tools are available  753 

• Verifying that input data is correct  754 

• Verifying that analysts are competent  755 

• Verifying that analytical compatibility rules are documented  756 

Credible analysis results are generated for the latest completed analyses. 757 

3.3.2.2.4.9 Tasks for the Risk Management Element 758 

The identification and analysis of risks begins during Risk Management (Section 4.10) as soon 759 
as the stakeholder need(s) is translated into functional requirements.  Typical avenues of search 760 
include Specialty Engineering disciplines and capabilities (e.g., personnel, facilities, and tools) 761 
compared against the concepts, readiness of technology for the functions and concepts that 762 
evolve, and likelihood of cost restrictions.  At this phase, identified risk areas shall be monitored, 763 
and only the nature of mitigation strategies shall be identified.  As the program unfolds, the 764 
mitigation plans may be finalized.  Thus, at this point, Risk Management activities involve: 765 

• Creating a program risk summary 766 

• Creating preliminary risk mitigation plans 767 

• Developing a risk mitigation plan summary 768 

3.3.2.2.4.10 Tasks for the Validation Element 769 

During the Validation process (Section 4.12), validation reports are generated to document the 770 
initial results in requirements validation. 771 

3.3.2.2.4.11 Tasks for the Lifecycle Engineering Element 772 

An initial draft of the lifecycle cost estimates that are based on remaining concept alternatives 773 
are developed in Lifecycle Engineering (Section 4.13).  The existing set of validated 774 
requirements, identified design constraints, DARs, and trade study reports are used to drive this 775 
estimate. The Integrated Lifecycle Plan is updated to reflect the maturing program planning and 776 
captures planning for real estate, deployment and transition, integrated logistics support, 777 
sustainment/technology evolution, and disposal. 778 
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3.3.2.3 Final Investment Analysis Stage 779 

3.3.2.3.1 Final Investment Analysis Stage Objectives 780 

The main objective of this stage, which consists of two parts with an Initial System 781 
Requirements Review (ISRR) milestone near the end of the stage, is to establish validated 782 
requirements and document the complete functional baseline for the selected solution.  This 783 
stage further refines the architecture.  Selected subsystem and element concepts are expanded 784 
with details to verify that they meet high-level requirements and constraints.  Also, the interfaces 785 
between the elements that comprise the subsystems are documented.  Functional and 786 
performance requirements and constraints are allocated to those elements, and packages 787 
defining development of the elements are created. 788 

A business case is developed that illustrates all stakeholder costs and obligations, providing 789 
details of both agency and nonagency resource demands.  Program requirements are 790 
completed, corrected, and documented in the fRD.  Also, the interfaces between the 791 
components that comprise the elements are documented, and functional and performance 792 
requirements are allocated to those components.  The planned procurement specifications are 793 
listed, and the APB is completed.  A successful IA leads to the JRC-2B decision for the 794 
program. 795 

An ISRR is held toward the end of this stage, usually 1 to 2 months prior to JRC-2B, primarily as 796 
a means to review and agree upon the final set of system requirements.  The fRD is reviewed at 797 
this time in preparation for the JRC-2B.  Appendix C contains an ISRR checklist to use in 798 
preparing this review milestone. 799 

The discussion of SE activities and associated inputs and outputs for the final IA phase is 800 
presented below in two parts to account for the ISRR milestone. 801 

3.3.2.3.2 Final Investment Analysis Pre-Initial System Requirements Review 802 

Table 3.3-5 summarizes final IA pre-ISRR inputs and outputs. 803 

Table 3.3-5.  Final Investment Analysis Pre-Initial System  804 
Requirements Review Inputs and Outputs 805 

WORK PRODUCT PRODUCING  
SE ELEMENT 

INPUT OUTPUT 

Acquisition Program Baseline1 EXT C I 
Analysis Criteria IA F SD 
Concept of Operations FA F  
Concerns/Issues ALL SD SD 
Constraints ALL except TS SD SD 
Corporate Strategy and Goals EXT SD  
Credible Analysis Results IA SD SD 
Demonstrations SpecEng SD SD 
Description of Alternatives S F  
Design Analysis Reports SpecEng SD SD 
Design Constraint S SD SD 
External Environmental Forces EXT SD  
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WORK PRODUCT PRODUCING  
SE ELEMENT 

INPUT OUTPUT 

FAA Management Decisions EXT SD  
FAA Policy EXT SD  
Functional Architecture2 FA I F 
Government and International 
Regulations and Statutes 

EXT SD  

Integrated Lifecycle Plan ITP I F 
Integrated Program Plan TP I F 
Integrated Program Schedule EXT F  
Interface Control Document IM  C 
Interface Requirements Document IM I F 
Legacy System  EXT SD  
Lifecycle Cost Estimate LC I  
Market Research EXT SD  
Master Verification Plan ITP I F 
NAS Architecture ITP SD  
NAS Concept of Operations  FA SD  
NAS System Engineering 
Management Plan 

MSE SD  

Operational Concept Demonstrations S SD SD 
Operational Services and 
Environmental Description 

FA I F 

Physical Architecture S C SD 
Planning Criteria ALL except ITP  SD 
Program Risk Register RSK  SD 
Program Risk Summary RSK SD SD 
Requirements2 RM I F 
Risk Mitigation Plan Summary RSK SD SD 
Risk Mitigation Plans RSK SD SD 
Stakeholder Needs EXT F SD 
Statement of Work1 EXT  I 
Standards EXT SD  
System Engineering  
Management Plan 

ITP I F 

Technology EXT SD  
Tools/Analysis Requirements ALL except EXT, 

ITP, IM, IA, CM, & 
Val 

SD SD 

Trade Study Report TS SD SD 
Validation Reports Val SD SD 
Verification Criteria SpecEng SD SD 
Verification Requirements  
Traceability Matrix2 

RM I F 

Work Breakdown Structure EXT F  
1.   This work product is not an output of SE per se, but it is identified in order to provide context for the 

level of SE input to its development. 
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WORK PRODUCT PRODUCING  
SE ELEMENT 

INPUT OUTPUT 

2.   This does not imply that there is no further decomposition (e.g., “Final” requirements at this point in 
time is with respect to the Final Requirements Document (fRD), yet further decomposition takes place 
to generate a specification). 

 
NOTE:  See Table 3.3-1 for legend. 

 806 

3.3.2.3.3 Final Investment Analysis Pre-Initial System Requirements Review Entrance 807 
Criteria 808 

These criteria include the following: 809 

• Work products from the initial IA stage have been completed 810 

• Required disciplines have been identified 811 

• Trade Studies (Section 4.6) have been planned 812 

• Initial baseline planning has been completed 813 

• The initial IA decision (JRC 2A) has been made, authorizing the program to proceed to 814 
the final IA stage 815 

3.3.2.3.4 Final Investment Analysis Pre-Initial System Requirements Review Exit Criteria 816 

These criteria include the following: 817 

• All work products identified as final IA pre-ISRR outputs have been completed to the 818 
version level specified 819 

• The ISSR has been successfully completed if conducted 820 

• All remaining concepts performance requirements have been attained 821 

3.3.2.3.5 System Engineering Element Tasks 822 

As in previous phases of SE efforts—in addition to the tasks identified below— each SE 823 
Element active during this phase shall surface concerns/issues that present risk to the program, 824 
as well as any constraints that bound future Trade Studies (Section 4.6).  Furthermore, those 825 
active SE Elements that involve analysis shall develop their requirements for analysis (e.g., 826 
necessary tools, required analyst levels of competencies). 827 

3.3.2.3.5.1 Tasks for the Integrated Technical Planning Element 828 

The level of Integrated Technical Planning (Section 4.2) increases during this stage.  The 829 
following plans are finalized: 830 

• IPP 831 

• MVP 832 

• SEMP 833 
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• Integrated Lifecycle Plan 834 

3.3.2.3.5.2 Tasks for the Requirements Management Element 835 

At this stage during Requirements Management (Section 4.3), the fRD is created in preparation 836 
for the ISRR, and the final draft of the fRD VRTM is developed for further population during the 837 
Verification process (Section 4.12).  Additional activities include continued requirements 838 
database development and initial specification work. 839 

3.3.2.3.5.3 Tasks for the Functional Analysis Element 840 

Functional Analysis’s (Section 4.4) primary task is to move to the next level of functional 841 
decomposition to identify the next lower-level functional requirements.  Lower-level FFDs are 842 
created to document this decomposition.  FFDs define the approved sequence of functions that 843 
the subsystems perform and lower-levels of the hierarchy to satisfy the overall needs.  The 844 
functional architecture is a link to the Requirements Management process (Section 4.3) and the 845 
Synthesis process (Section 4.5).  The functional architecture at this level is documented via 846 
FFDs, system behavior diagrams, system timelines, and/or via other Functional Analysis tools 847 
and techniques deemed appropriate by the program.  Eventually, post ISRR, the completed 848 
Functional Analysis for the selected concept is provided as input to the APB document.  In 849 
addition, the OSED is finalized.  850 

3.3.2.3.5.4 Tasks for the Synthesis Element 851 

The physical architecture of the selected alternative is further decomposed.  During this 852 
process, design constraints are identified and used to bound further Trade Studies and Lifecycle 853 
Engineering efforts. 854 

3.3.2.3.5.5 Tasks for the Trade Studies Element 855 

Trade Studies (Section 4.6) is an organized decisionmaking process to resolve complex 856 
questions.  As the selected system alternative is further decomposed, Trade Studies shall be 857 
conducted to identify the preferred concepts to perform lower-level functions.  The results are 858 
documented in a trade study report. 859 

3.3.2.3.5.6 Tasks for the Interface Management Element 860 

During Interface Management (Section 4.7), IRDs are finalized, and conceptual drafts of the 861 
ICDs are developed.  Functional and physical interfaces internal to the system are continually 862 
captured via interface control scope sheets as the functional and physical architectures become 863 
more detailed. 864 

3.3.2.3.5.7 Tasks for the Specialty Engineering Element 865 

As the concept of the system is further defined, the analyses and demonstrations performed 866 
during the Specialty Engineering process (Section 4.8) are used to provide data (i.e., verification 867 
criteria) for Synthesis (Section 4.5), Trade Studies (Section 4.6), and Verification (Section 4.12).  868 
Specialists examine the proposed solutions to determine which best satisfies the specialty 869 
requirements, after which they capture their findings in DARs. 870 
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3.3.2.3.5.8 Tasks for the Integrity of Analyses Element 871 

The Integrity of Analyses process (Section 4.9) continues to provide credible analysis results for 872 
the latest conducted analyses. 873 

3.3.2.3.5.9 Tasks for the Risk Management Element 874 

Risk Management efforts (Section 4.10) transition to focus on the selected alternative.  Risk 875 
mitigation plans are developed for all medium- and high-risk items identified for the selected 876 
concept.  The program risk register is created and updates to the program risk summary, risk 877 
mitigation plans, and risk mitigation plan summary are made to filter out risks not associated 878 
with the final concept. 879 

3.3.2.3.5.10 Tasks for the Validation and Verification Element 880 

The level of effort for the Validation and Verification process (Section 4.12) is to validate 881 
requirements and document validation reports.  Verification criteria identified through Specialty 882 
Engineering analyses (Section 4.8), along with the existing set of validated requirements, are 883 
used to further identify any tools/analysis requirements for eventual Verification activities. 884 

3.3.2.3.5.11 Tasks for the Lifecycle Engineering Element 885 

A final lifecycle cost estimate that is based on the selected alternative is developed in Lifecycle 886 
Engineering (Section 4.13).  The Integrated Lifecycle Plan is finalized to reflect the maturing 887 
program planning and captures planning for real estate, deployment and transition, integrated 888 
logistics support, sustainment/technology evolution, and disposal. 889 

3.3.2.3.6 Final Investment Analysis Post-Initial System Requirements Review 890 

Table 3.3-6 summarizes final IA Post-ISRR inputs and outputs. 891 

Table 3.3-6.  Final Investment Analysis Post-Initial System  892 
Requirements Review Inputs and Outputs 893 

WORK PRODUCT PRODUCING  
SE ELEMENT 

INPUT OUTPUT 

Acquisition Program Baseline* EXT I F 
Baselines CM SD SD 
Certification Package SpecEng  I 
Concerns/Issues ALL SD SD 
Configuration Description S  I 
Constraints ALL except TS SD SD 
Corporate Strategy and Goals EXT SD  
Credible Analysis Results IA SD SD 
Demonstrations SpecEng SD SD 
Description of Alternatives S F  
Design Analysis Reports SpecEng SD SD 
Design Constraint S SD SD 
External Environmental Forces EXT SD  
FAA Management Decisions EXT SD  
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WORK PRODUCT PRODUCING  
SE ELEMENT 

INPUT OUTPUT 

FAA Policy EXT SD  
Functional Architecture FA F SD 
Government and International 
Regulations and Statutes 

EXT SD  

Integrated Lifecycle Plan ITP F SD 
Integrated Program Plan ITP F SD 
Integrated Program Schedule EXT F  
Interface Control Document IM C I 
Interface Requirements Documents IM F SD 
Legacy System  EXT SD  
Lifecycle Cost Estimate LC I F 
Market Research EXT SD  
Master Verification Plan ITP F SD 
NAS Architecture ITP SD  
NAS Concept of Operations FA SD  
NAS System Engineering 
Management Plan 

MSE SD  

Operational Concept Demonstrations S SD  
Operational Services and 
Environmental Description 

FA F  

Physical Architecture S C I 
Planning Criteria ALL except ITP  SD 
Program Risk Register RSK SD SD 
Program Risk Summary RSK SD SD 
Requirements RM F SD 
Risk Mitigation Plan Summary RSK SD SD 
Risk Mitigation Plans RSK SD SD 
System Engineering  
Management Plan 

ITP F  

Stakeholder Needs EXT SD  
Standards EXT SD  
Statement of Work* EXT I F 
Technology EXT SD  
Tools/Analysis Requirements ALL except EXT, 

ITP, IM, IA, CM, & 
Val 

SD SD 

Trade Study Report TS SD SD 
Validation Reports Val SD SD 
Verification Criteria SpecEng SD SD 
Verification Requirements  
Traceability Matrix 

RM F SD 

Work Breakdown Structure EXT SD  
*  This work product is not an output of SE per se, but it is identified in order to provide context for the 
level of SE input to its development. 
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WORK PRODUCT PRODUCING  
SE ELEMENT 

INPUT OUTPUT 

NOTE:  See Table 3.3-1 for legend. 

 894 

3.3.2.3.7 Final Investment Analysis Post-Initial System Requirements Review Entrance 895 
Criteria 896 

These criteria include the following: 897 

• All work products identified as final IA pre-ISRR outputs have been completed to the 898 
version level specified 899 

• The ISRR has been successfully completed 900 

• Initial concepts performance requirements have been attained 901 

3.3.2.3.8 Final Investment Analysis Post-Initial System Requirements Review Exit 902 
Criteria 903 

These criteria include the following: 904 

• All work products identified as final IA post-ISRR outputs have been completed to the 905 
version level specified 906 

• The solution selected at the Initial Investment Analysis Decision is defined via a physical 907 
architecture with assurance that it meets all system requirements 908 

• The final IA decision has been made, authorizing the program to continue into the SI 909 
phase 910 

3.3.2.3.9 System Engineering Element Tasks 911 

As in previous phases of SE efforts—in addition to the tasks identified below— each SE 912 
Element active during this phase shall surface concerns/issues that present risk to the program, 913 
as well as any constraints that bound future Trade Studies (Section 4.6).  Furthermore, those 914 
active SE Elements that involve analysis shall develop their requirements for analysis (e.g., 915 
necessary tools, required analyst levels of competencies). 916 

3.3.2.3.9.1 Tasks for the Integrated Technical Planning Element 917 

During Integrated Technical Planning (Section 4.2), plans are maintained and updated as 918 
necessary. 919 

3.3.2.3.9.2 Tasks for the Functional Analysis Element 920 

The Functional Analysis process (Section 4.4) continues functional decomposition to the next 921 
level of functions and documents via sequenced traceable functional flow diagrams.  This 922 
resulting functional architecture is the baseline starting point for Functional Analysis activities 923 
that will continue during SI. 924 
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3.3.2.3.9.3 Tasks for the Requirements Management Element 925 

The Requirements Management process (Section 4.3) is the primary stage during which to 926 
update the fRD and VRTM using feedback from the ISRR.  Additional activities include 927 
continued requirements database development and specification work. 928 

3.3.2.3.9.4 Tasks for the Synthesis Element 929 

The initial draft of the physical architecture for the selected alternative is completed by the end 930 
of this stage.  Additional design constraints are identified and used to bound further Trade 931 
Studies and Lifecycle Engineering efforts, as well as the continued design efforts to take place 932 
in the next phase. 933 

3.3.2.3.9.5 Tasks for the Trade Studies Element 934 

The Trade Study process (Section 4.6) continues, as needed, to derive the best solution for the 935 
lower-levels of the system. 936 

3.3.2.3.9.6 Tasks for the Interface Management Element 937 

At this stage during Interface Management (Section 4.7), the ICDs are updated to the initial 938 
draft.  Functional and physical interfaces internal to the system are continually captured via 939 
interface control scope sheets as the functional and physical architectures become more 940 
detailed. 941 

3.3.2.3.9.7 Tasks for the Specialty Engineering Element 942 

During Specialty Engineering (Section 4.8), additional DARs are developed and used to support 943 
the refinement and validation of requirements.  Demonstrations may continue to provide data to 944 
develop additional verification criteria.  The initial draft(s) of certification package(s) for any 945 
required certifications are developed. 946 

3.3.2.3.9.8 Tasks for the Integrity of Analyses Element 947 

Credible analysis results are developed and used during Integrity of Analyses (Section 4.9) to 948 
ensure that the analyses conducted to support the down-selection decision are viable. 949 

3.3.2.3.9.9 Tasks for the Risk Management Element 950 

Risk Management’s (Section 4.10) primary task in this stage is to determine new risks and 951 
provide mitigation plans for these risks.  This effort supports Synthesis (Section 4.5) and Trade 952 
Studies (Section 4.6) efforts.  Work products for this element include updates to the program 953 
risk register, program risk summary, risk mitigation plans, and risk mitigation plan summary. 954 

3.3.2.3.9.10 Tasks for the Configuration Management Element  955 

Configuration Management’s (Section 4.11) primary task during the final IA post ISRR is to bring 956 
the baselines, supporting documentation, requirements, and analyses under configuration 957 
control.   958 
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3.3.2.3.9.11 Tasks for the Validation and Verification Element 959 

The Validation and Verification effort (Section 4.12) is to complete the validation of requirements 960 
for the selected alternative and document via validation reports, which are then provided as 961 
input to the APB.  Verification criteria identified through Specialty Engineering analyses, along 962 
with the existing set of validated requirements, are used to further identify any tools/analysis 963 
requirements for eventual Verification activities to begin creating the Requirements Verification 964 
Compliance Document (RVCD).  965 

3.3.2.3.9.12 Tasks for the Lifecycle Engineering Element 966 

During Lifecycle Engineering (Section 4.13), the lifecycle cost estimate is finalized based on the 967 
selected concept.  The final set of validated requirements, final DARs, and final trade study 968 
reports are used to support this estimate. 969 

3.3.3 Solution Implementation Phase 970 

3.3.3.1 Objectives 971 

The SI phase begins with the final IA decision at JRC 2B—an acquisition program is established 972 
for the solution selected at JRC 2A—and ends when the new capability goes into service.  The 973 
SE activities conducted during SI vary widely, depending on the nature and scope of the 974 
acquisition program.  For example, the activities associated with buying and deploying a 975 
commercial product typically are much less complex and time-consuming than those for a 976 
product requiring development.  However, in each case, products shall be able to meet 977 
stakeholder requirements, be operationally suitable, and be compatible with other operational 978 
systems before the decision is made to place it in service.  The main objective of this phase is to 979 
successfully complete the necessary actions and activities to obtain the solution and to accept a 980 
product or service for operational use.   981 

3.3.3.2 System Engineering Activities 982 

SE activities required to accomplish the SI objectives appear in Figure 3.3-4.  While the SE 983 
activities vary widely, depending on the program, the interactions of the SE processes remain 984 
essentially the same as in the IA phase.  Up front, the activities involve finalizing and baselining 985 
the system, its requirements, and the program to support its development and operation.  The 986 
SE effort then focuses on transforming the accepted concept into a product for deployment.  987 
Thus, toward the beginning of the phase, the emphasis remains on the core SE processes, 988 
which continue to refine the requirements and bring greater resolution to the design.  In the 989 
latter portion of this phase, the emphasis shifts to Verification activities (Section 4.12) to verify 990 
that the system has been built and integrated according to the requirements. 991 

The final set of SI activities consists of installing the product or service at each site and 992 
certifying it for operational use, as appropriate, which typically includes implementation 993 
planning, installation and checkout, integration and shakedown, dual operations, and removal 994 
and disposal of obsolete equipment.  995 

Various reviews and audits are conducted throughout the SI phase to maintain proper oversight 996 
of system development.  These reviews and audits, listed below, are defined in the glossary: 997 

• System Requirements Review (SRR) 998 
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• System Design Review (SDR) 999 

• Preliminary Design Review (PDR) 1000 

• Critical Design Review (CDR) 1001 

• Verification Readiness Review (VRR)  1002 

• Functional Configuration Audit (FCA) 1003 

• Physical Configuration Audit (PCA) 1004 



[Chapter 3 Version 1.0 11/1/02] 

 

 3-34

 1005 
Figure 3.3-4.  Solution Implementation System Engineering Activities 1006 

IN
V

E
ST

M
E

N
T

 A
N

A
L

Y
SI

S 
SE

 A
C

T
IV

IT
IE

S

Functional
Analysis

Requirements
Management Synthesis

Integrity of
Analyses

Integrated
Technical
Planning

Risk
Management

Validation
(& Verification)

Core SE Processes

Risk Mitigation Plan Summary
Risk Mitigation Plans

Analysis Criteria

A
na

ly
sis

 C
ri

te
ri

a

Concerns/Issues
DARs
RVCD

External

Program Risk Register
Risk Mitigation Plan Summary
Risk Mitigation Plans
Program Risk Summary

Analysis Criteria
Concerns/Issues

NAS Architecture
"PLANS"

IPP

IPP

SOLUTION IMPLEMENTATION
SE ACTIVITIES

Configuration
Management

Specialty
Engineering Trade

Studies

Concept of Operations
NAS CONOPS

Functional Architecture
OSED

Life Cycle
Engineering

Trade Study Reports

Validation
Reports

Requirements

Functional Architecture
OSED

DARs

(Validation &)
VerificationD

es
ig

n
C

on
st

ra
in

t

Life Cycle
Cost Estimate

VRTM

D
escription of A

lternatives
D

esign C
onstraint

PhyicalA
rchitecture

D
A

R
s

T
ools/A

nalysis
R

equirem
ents

Physical Architecture

Interface
Management

Functional Architecture

Corporate Strategy and Goals
External Environmental Forces
FAA Management Decisions
FAA Policy
Foacl Point for Mission Need
Govt & Intl Regulations & Statutes
Impacted FAA Mission Area
Integrated Program Schedule
Legacy System
Market Research
Stakeholder Needs
Standards

Requirements
Trade Study Report
Credible Analysis Reports
NAS SEMP
Program Risk Register
Program Risk Summary
Risk Mitigation Plan Summary
Risk Mitigation Plans

Functionl Architecture
IRDs
ICDs

Physical Architecture
Requirements (fRD)

IN
-S

E
R

V
IC

E
 M

A
N

A
G

E
M

E
N

T
 S

E
 A

C
T

IV
IT

IE
S

Verification
Criteria

A
pp

ro
ve

d 
B

as
el

in
e 

C
ha

ng
es

C
on

fi
gu

ra
tio

n 
St

at
us

 R
ep

or
t

U
pd

at
ed

 B
as

el
in

es

Physical
Architecture

Configuration
Description

Approved Baseline Changes
Configuration Status Report

Updated Baselines

Demonstrations

Demonstrations

Requirements

C
er

tif
ic

at
io

n 
Pa

ck
ag

e

Interface
Revision
Proposal

Interface Change Request

SYSTEM

ICDs

ICDs

Maintain SE
Process

NAS SEMP

3

DARs

3

DARs

DARs

3
DARs

3

2

2

Baselines

Baselines

1 IRDs

IRDs

1

IRDs

RVCD

RVCD

Test & Assessment Articles

4

4

4

5

Description
of Alternatives

5

ICDs

Requirements

6

6

DARs

Validation
Reports

IN
V

E
ST

M
E

N
T

 A
N

A
L

Y
SI

S 
SE

 A
C

T
IV

IT
IE

S

Functional
Analysis

Requirements
Management Synthesis

Integrity of
Analyses

Integrated
Technical
Planning

Risk
Management

Validation
(& Verification)

Core SE Processes

Risk Mitigation Plan Summary
Risk Mitigation Plans

Analysis Criteria

A
na

ly
sis

 C
ri

te
ri

a

Concerns/Issues
DARs
RVCD

External

Program Risk Register
Risk Mitigation Plan Summary
Risk Mitigation Plans
Program Risk Summary

Analysis Criteria
Concerns/Issues

NAS Architecture
"PLANS"

IPP

IPP

SOLUTION IMPLEMENTATION
SE ACTIVITIES

Configuration
Management

Specialty
Engineering Trade

Studies

Concept of Operations
NAS CONOPS

Functional Architecture
OSED

Life Cycle
Engineering

Trade Study Reports

Validation
Reports

Requirements

Functional Architecture
OSED

DARs

(Validation &)
VerificationD

es
ig

n
C

on
st

ra
in

t

Life Cycle
Cost Estimate

VRTM

D
escription of A

lternatives
D

esign C
onstraint

PhyicalA
rchitecture

D
A

R
s

T
ools/A

nalysis
R

equirem
ents

Physical Architecture

Interface
Management

Functional Architecture

Corporate Strategy and Goals
External Environmental Forces
FAA Management Decisions
FAA Policy
Foacl Point for Mission Need
Govt & Intl Regulations & Statutes
Impacted FAA Mission Area
Integrated Program Schedule
Legacy System
Market Research
Stakeholder Needs
Standards

Requirements
Trade Study Report
Credible Analysis Reports
NAS SEMP
Program Risk Register
Program Risk Summary
Risk Mitigation Plan Summary
Risk Mitigation Plans

Functionl Architecture
IRDs
ICDs

Physical Architecture
Requirements (fRD)

IN
-S

E
R

V
IC

E
 M

A
N

A
G

E
M

E
N

T
 S

E
 A

C
T

IV
IT

IE
S

Verification
Criteria

A
pp

ro
ve

d 
B

as
el

in
e 

C
ha

ng
es

C
on

fi
gu

ra
tio

n 
St

at
us

 R
ep

or
t

U
pd

at
ed

 B
as

el
in

es

Physical
Architecture

Configuration
Description

Approved Baseline Changes
Configuration Status Report

Updated Baselines

Demonstrations

Demonstrations

Requirements

C
er

tif
ic

at
io

n 
Pa

ck
ag

e

Interface
Revision
Proposal

Interface Change Request

SYSTEM

ICDs

ICDs

Maintain SE
Process

NAS SEMP

3

DARs

3

DARs

DARs

3
DARs

3

2

2

Baselines

Baselines

1 IRDs

IRDs

1

IRDs

RVCD

RVCD

Test & Assessment Articles

4

4

4

5

Description
of Alternatives

5

ICDs

Requirements

6

6

DARs

Validation
Reports



[Chapter 3 Version 1.0 11/1/02] 

 

 3-35

Table 3.3-7 summarizes the SI inputs and outputs.  All products are completed and finalized 1007 
before completion of the SI phase(i.e., they are not outputs at the end of the phase or  a 1008 
complete result of this phase’s SE efforts; rather, they are produced at various points within the 1009 
SI phase).  Each program shall plan at what point in time during this phase that each product is 1010 
required.  For example, final ICDs shall be in place before development and well established for 1011 
PDR and CDR. 1012 

Table 3.3-7.  Solution Implementation System Engineering Inputs and Outputs 1013 

WORK PRODUCT PRODUCING  
SE ELEMENT 

INPUT OUTPUT 

Acquisition Program Baseline EXT F  
Approved Baseline Changes CM  SD 
Baselines CM  SD 
Certification Package SpecEng I F 
Concerns/Issues ALL SD SD 
Configuration Description S I F 
Configuration Status Report CM  SD 
Constraints ALL except TS SD SD 
Corporate Strategy and Goals EXT SD  
Credible Analysis Results IA SD SD 
Demonstrations SpecEng SD SD 
Design Analysis Reports SpecEng SD SD 
Design Constraint S SD SD 
External Environmental Forces EXT SD  
FAA Management Decisions EXT SD  
FAA Policy EXT SD  
Functional Architecture FA SD SD 
Government and International 
Regulations and Statutes 

EXT SD  

Integrated Lifecycle Plan ITP SD SD 
Integrated Program Plan ITP SD SD 
Integrated Program Schedule EXT SD  
Interface Change Request EXT SD  
Interface Control Documents IM I F 
Interface Requirements Document IM SD SD 
Interface Revision Proposal IM  SD 
Legacy System EXT SD  
Master Verification Plan ITP SD SD 
NAS Architecture ITP SD  
NAS Concept of Operations FA SD  
NAS System Engineering 
Management Plan 

MSE SD  

Physical Architecture S I F 
Planning Criteria ALL except ITP SD SD 
Program Risk Register RSK SD SD 
Program Risk Summary RSK SD SD 
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WORK PRODUCT PRODUCING  
SE ELEMENT 

INPUT OUTPUT 

Requirements RM SD SD 
Risk Mitigation Plan Summary RSK SD SD 
Risk Mitigation Plans RSK SD SD 
Requirements Verification  
Compliance Document 

RM, Verification  F 

Stakeholder Needs EXT SD  
Standards EXT SD  
Statement of Work EXT F  
Test and Assessment Articles EXT F  
Tools/Analysis Requirements ALL except IM, CM, 

& Val 
SD  

Trade Study Report TS SD SD 
Updated Baselines CM  SD 
Validation Reports Val SD SD 
Verification Criteria SpecEng SD SD 
Verification Requirements Traceability 
Matrix 

RM, Verification SD SD 

NOTE:  See Table 3.3-1 for legend. 

 1014 

3.3.3.3 Solution Implementation Phase Entrance Criteria 1015 

These criteria include the following: 1016 

• The final IA decision (JRC 2B) has been made, authorizing the program to continue into 1017 
SI 1018 

• IA outputs have been completed 1019 

• Final APB has been completed (via a process external to SE) 1020 

3.3.3.4 Solution Implementation Phase Exit Criterion 1021 

This criterion is as follows: 1022 

• The In-Service Decision has been made, authorizing the program to deploy and put the 1023 
developed system into service. 1024 

3.3.3.5 System Engineering Element Tasks 1025 

As in previous stages of SE efforts—in addition to the tasks identified below— each SE Element 1026 
active during this phase shall surface concerns/issues that present risk to the program, as well 1027 
as any constraints that bound future Trade Studies (Section 4.6).  1028 

3.3.3.5.1 Tasks for the Integrated Technical Planning Element 1029 
During Integrated Technical Planning (Section 4.2), plans are maintained and updated as 1030 
necessary. 1031 
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3.3.3.5.2 Tasks for Functional Analysis 1032 

Functional Analysis (Section 4.4) continues to decompose functions and develop the functional 1033 
architecture, which continues as long as requirements are developed. 1034 

3.3.3.5.3 Tasks for the Requirements Management Element 1035 

At the beginning of the SI phase, the Requirements Management process (Section 4.3) is 1036 
focused on decomposing and finalizing the system specification.  As the phase progresses, the 1037 
requirements effort involves maintaining traceability from high-level requirements to their 1038 
decomposed lower-level requirements down to actual verification cases and results, and 1039 
tracking any deviations or waivers to the requirements set as development and verification 1040 
progress.  The final VRTM and RVCD are received as a result of the Verification process with 1041 
the RVCD being used by Requirements Management to report out to stakeholders. 1042 

3.3.3.5.4 Tasks for the Synthesis Element 1043 

The physical architecture of the selected alternative is decomposed and finalized during the 1044 
Synthesis process (Section 4.5) in an iterative mode, as it is employed to design the system’s 1045 
lower-level components and parts being developed.  A resulting configuration description is 1046 
produced and baselined during this phase. 1047 

3.3.3.5.5 Tasks for the Trade Studies Element 1048 

The Trade Studies process (Section 4.6) continues, as needed, to derive the best solution for 1049 
the lower-level components and parts of the system. 1050 

3.3.3.5.6 Tasks for the Interface Management Element 1051 

Interface Management (Section 4.7) is used to finalize the ICDs and process any Interface 1052 
Change Requests.  Updates to finalized ICDs are processed accordingly via interface revision 1053 
proposals. 1054 

3.3.3.5.7 Tasks for the Specialty Engineering Element 1055 

The focus of Specialty Engineering (Section 4.8) during this phase is to conduct the various 1056 
analyses to support the definition of requirements at all levels; support Validation (Section 4.12) 1057 
of requirements; support the Verification (Section 4.12) of requirements and/or the certification 1058 
process (e.g., in the areas of safety and information security), as needed; support Trade Studies 1059 
(Section 4.6); and assist Risk Management (Section 4.10). 1060 

3.3.3.5.8 Tasks for the Integrity of Analyses Element 1061 

During Integrity of Analyses (Section 4.9), credible analysis results are generated for analyses 1062 
completed during the SI phase. 1063 

3.3.3.5.9 Tasks for the Risk Management Element 1064 

The Risk Management process (Section 4.10) continues with risk mitigation plans being put into 1065 
effect and developing and documenting new plans as new risks are identified. 1066 



[Chapter 3 Version 1.0 11/1/02] 

 

 3-38

3.3.3.5.10 Tasks for the Configuration Management Element  1067 

Configuration Management’s (Section 4.11) primary task during this phase is to maintain 1068 
configuration control.  Changes to the configuration are considered and, if approved, 1069 
documented via configuration status reports.  Baselines are controlled with updates and 1070 
approved engineering changes are documented and disseminated. 1071 

3.3.3.5.11 Tasks for the Validation and Verification Element 1072 

Validation (Section 4.12) of requirements continues as the requirements are decomposed 1073 
through the various system levels.  Validation continues as long as requirements (at any level) 1074 
are developed.  Verification efforts (Section 4.12) increase, especially toward the end of the SI 1075 
phase.  As various levels of verification are conducted on test and assessment articles, the final 1076 
RVCD and the VRTM are populated with results and fed back to the Requirements 1077 
Management process (Section 4.3). 1078 

3.3.3.5.12 Tasks for the Lifecycle Engineering Element 1079 

During the SI phase, Lifecycle Engineering elements are engaged in executing the planning that 1080 
was finalized during the IA phase. This includes acquiring property, facilities, and the physical 1081 
infrastructure to house the system; detailing the installation and checkout schedule of activities, 1082 
including site preparation and onsite personnel support; deploying the system; supporting ISR 1083 
checklist action resolution; training test, operations, and maintenance personnel; ensuring that 1084 
documentation and spares are procured, verified, and delivered; performing continuous market 1085 
research activities on any COTS products to project obsolescence situations and mitigate the 1086 
risks in support of Risk Management (Section4.10); and conducting the disposal activities that 1087 
are needed for assets that are to be replaced. 1088 

 1089 

3.3.4 In-Service Management 1090 

In-Service Management involves two distinct sets of work activities.  The first set monitors and 1091 
assesses the real-world performance of the system against its requirements and expected 1092 
benefits in the APB and takes action to optimize performance throughout its operational life.  1093 
The second set of activities deals with operating and maintaining the system throughout its 1094 
service life, as well as maintaining the physical and support infrastructure.  The various SE 1095 
elements are employed within both sets of these activities.  Regarding this latter set of activities, 1096 
the results of SE efforts are used to support the decisionmaking process regarding when a new 1097 
capability or improvement needs to be in place. 1098 

In addition to the timing decision, a decision is made regarding whether modifications or 1099 
improvements are feasible within approved sustainment funding in the APB.  If an engineering 1100 
change to the system within the sustainment funding cannot be supported, then the shortfall is 1101 
addressed via the standard AMS lifecycle phases; thus, the SE efforts for this route are as 1102 
noted in “Mission Analysis Phase” (Paragraph 3.3.1), “Investment Analysis Phase” (Paragraph 1103 
3.3.2), and “Solution Implementation Phase” (Paragraph 3.3.3). 1104 

If the effort to modify and/or optimize system performance is within the scope of sustaining 1105 
funds, then the various SE elements are employed much as in the SI phase but on a lesser 1106 
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scale.  The specific SE process and associated level of effort depend on the scope of the 1107 
upgrade. 1108 

If a modification is made to sustain system operations beyond its planned service life, a new 1109 
investment decision for a service life extension must be requested.  Again, the SE efforts during 1110 
this phase are essentially the same as noted in “Solution Implementation Phase” with respect to 1111 
the pieces of the system that are being modified to extend the life of the system as a whole. 1112 

3.3.5 Disposal 1113 

SE efforts to support disposal of a system being replaced occur during the new system’s SI 1114 
phase.  Lifecycle Engineering (Section 4.12) defines the process for planning and executing  1115 
disposal activities. The Integrated Technical Planning process (Section 4.2) is used to develop a 1116 
Disposal Plan in accordance with FAA Order 4800.2, Utilization and Disposal of Excess and 1117 
Surplus Personal Property. 1118 

3.4 Reserved 1119 

3.5 Reserved 1120 

3.6 Guidance for Tailoring of System Engineering  1121 

This section provides guidance regarding the conduct of SE on programs that do not include all 1122 
engineering disciplines or have unique programmatic demands.  The following principles are not 1123 
intended to be comprehensive, but rather to give general guidelines that may be applied to any 1124 
part of SE and to programs of any size if rationalization is provided. 1125 

3.6.1 Basic Principle of Tailoring of System Engineering  1126 

The basic principle in program tailoring of SE is that for programs that alter the NAS, reduction 1127 
in size of an individual element is permissible, but deletion is not.  This principle does not mean 1128 
that large, complex programs may be de-scoped, except under the ground rules listed in this 1129 
section.  The following paragraphs give examples of specific aspects of SE and how they shall 1130 
be treated in a tailoring effort.  1131 

3.6.2 Tailoring of Acquisition Management System Process Phase Aspects of System 1132 
Engineering 1133 

“Relationship of the System Engineering Processes to the Acquisition Management System 1134 
Program Lifecycle” (Section 3.2) describes the AMS phases employed on all programs.  These 1135 
phases shall not be eliminated or combined on any program; however, they may be shorter in 1136 
duration.  Furthermore, the entrance and exit criteria for any phase shall not be ignored.  In 1137 
addition, the exit reviews associated with the phases shall not be eliminated.  “Tailoring of 1138 
Review Aspects of System Engineering” (Paragraph 3.6.5) discusses the reviews.   1139 

3.6.3 Tailoring of Planning Aspects of System Engineering 1140 

All plans pertinent to the program shall be written; however, some plans may be shortened to a 1141 
single page.  The most important plan is the IPP (Integrated Technical Planning (Section 4.2)).  1142 
The IPP may be reduced to its essential elements, and individual entries may be as short as a 1143 
single line.  The aspects that shall be retained are: 1144 
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• AMS Phases (Section 3.2)  1145 

• SE elements (Sections 4.2 through 4.14)  1146 

• SE specialties to be employed on the program  1147 

The IPP shall capture information that shows the phase of each SE process, where each 1148 
engineering specialty is employed, and what work product each process produces.  This 1149 
information is required to produce a forecast of program effort and meaningful schedule.  1150 

3.6.4 Tailoring of System Engineering Element Aspects of System Engineering 1151 

Sections 4.2 through 4.14 describe the 13 SE elements.  Each SE process shall be performed 1152 
on all programs that change the NAS, regardless of the scope of the program, while the nature 1153 
of the program determines the depth to which each process is performed. 1154 

3.6.5 Tailoring of Review Aspects of System Engineering 1155 

Two rules prevail regarding this topic: (1) all major reviews shall be performed at the end of the 1156 
phases defined in “Relationship of the System Engineering Processes to the Acquisition 1157 
Management System Program Lifecycle” (Section 3.2); and (2) reviews shall not be combined.  1158 
However, a review may be shortened to an hour for a simple project.  The moderator of the 1159 
review shall confirm the basic purpose and ground rules of the review to ensure that they have 1160 
not been compromised.  Software reviews are only required if software is selected as a solution 1161 
to the system requirements (“Tailoring of Software Aspects of System Engineering” (Paragraph 1162 
3.6.10)). 1163 

3.6.6 Tailoring of Functional Analysis Aspects of System Engineering 1164 

The Functional Analysis process (Section 4.4) is an example of a fundamental process whose 1165 
basic principles shall be maintained on programs of any size.  On all programs, Functional 1166 
Analysis shall be used to derive requirements in a structured and systematic method.  The 1167 
depth, scope, and tools used in the development of the functional architecture may be tailored 1168 
according to program complexity. 1169 

3.6.7 Tailoring of Requirements Management Aspects of System Engineering 1170 

The Requirements Management process (Section 4.3) is an example of a fundamental process 1171 
whose basic principles shall be maintained on programs of any size.  On all programs, a 1172 
Requirements Management tool shall be used and the results loaded into the master 1173 
requirements database.  1174 

3.6.8 Tailoring of Programmatic Risk Management Aspects of System Engineering 1175 

The Risk Management process (Section 4.10) shall be performed on programs of any size and 1176 
throughout the lifecycle.  The example forms provided in Risk Management show that risk to the 1177 
process is not paper intensive.  On the contrary, the Risk Management process presented is 1178 
extremely practical and adaptable to programs of any size.  1179 
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3.6.9 Tailoring of Verification Aspects of System Engineering 1180 

The Verification process (Section 4.12) is one of the SE basic principles—all requirements shall 1181 
be verified, which is not to say that extensive testing is required, but simply that steps shall be 1182 
taken to ensure that the solution satisfies the requirements.  A simple analysis often provides 1183 
that assurance.  This principle shall not be compromised on small programs.  Failure to verify 1184 
requirements may cause small programs to turn unintentionally into large programs.  1185 

3.6.10 Tailoring of Software Aspects of System Engineering 1186 

Software is a solution to system (i.e., hardware and software) requirements.  Hence, if software 1187 
is not selected as a solution, software reviews and other documentation are not required.  If 1188 
software is required, standard software reviews and documentation are required.  However, it 1189 
shall not be assumed that, if a program is designated as a software program, then the total 1190 
system aspects of SE may be ignored.    1191 

3.6.11 Tailoring of Lifecycle Engineering Aspects of System Engineering 1192 

Reserved 1193 


	Chapter 1
	Chapter 2
	Chapter 3

